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FOREWORD 
T h i s  r e p o r t  was prepared by C o l l  i n s  Radio Group, Rockwel l  I n t e r n a t i o n a l  , 
Cedar Rapids, Iowa under USBM C o n t r a c t  Number H0242010. The c o n t r a c t  was 
i n i t i a t e d  under t h e  Coal Mine H e a l t h  and Safety  Research Program. I t  was 
a d m i n i s t e r e d  under t h e  t e c h n i c a l  d i r e c t i o n  o f  PM&SRC w i t h  Dr. H. K. Sacks 
a c t i n g  as t h e  Techn ica l  P r o j e c t  O f f i c e r .  M r .  Frank Pavl i c h  was t h e  c o n t r a c t  
a d m i n i s t r a t o r  f o r  t h e  Bureau o f  Mines. 
T h i s  i s  a  summary o f  t h e  work completed as p a r t  o f  t h i s  c o n t r a c t  d u r i n g  t h e  
p e r i o d  A p r i l ,  1974 t o  March, 1976. 
T h i s  r e p o r t  was submi t ted  by t h e  a u t h o r  on November 30, 1976. 
T h i s  r e p o r t  covers  t h e  mancar r ied  and h e l i c o p t e r  r e c e i v e r s  p a r t  o f  t h e  c o n t r a c t .  
Addi  t i o n a l  r e p o r t s  f o r  t h e  t r a n s m i t t e r  and down1 i n k  r e c e i v e r  complete  t h e  - 
f i n a l  r e p o r t  package. 
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INTRODUCTION 
Th i s  f i n a l  r e p o r t  covers  t h e  Man C a r r i e d  and H e l i c o p t e r  Receiver  P o r t i o n  o f  
USBM Con t rac t  H0242010. Th i s  c o n t r a c t  c o n s i s t s  o f  t h ree  separate  tasks  t h a t  
i n c l u d e  t h e  packaging o f  waveform generators ,  des ign  and b u i l d i n g  mancarr ied 
and h e l i c o p t e r  r e c e i v e r s ,  and t he  des ign  and packaging o f  a  vo i ce  downl ink  
r e c e i v e r  w i t h  a  waveform genera to r .  The f i n a l  r e p o r t  f o r  t h e  packaging o f  wave- 
form genera to rs  has been completed. The downl ink  r e c e i v e r  t ask  i s  now i n  
process and a  r e p o r t  w i l l  be w r i t t e n  a t  t h e  comp le t ion  o f  t h i s  task .  The 
t h r e e  r e p o r t s  taken t oge the r  w i l l  complete t h e  f i n a l  r e p o r t i n g  requi rements  
f o r  c o n t r a c t  H0242010. 
The des ign and b u i l d i n g  o f  mancarr ied and h e l i c o p t e r  r e c e i v e r s  p o r t i o n  o f  t h i s  
c o n t r a c t  cons i s t ed  o f  t h e  des ign and b u i l u  o f  15 mancarr ied and 5  h e l i c o p t e r  
r e c e i v e r s .  These r e c e i v e r s  a re  used f o r  t rapped  miner  l o c a t i o n  d u r i n g  a  
mine d i s a s t e r .  The h e l i c o p t e r  r e c e i v e r  i s  a  s i x  channel ULF r e c e i v e r  used t o  d e t e c t  
a  ULF t r a n s m i t t e r  t h a t  would be c a r r i e d  by a  m ine r  and t u rned  on d u r i n g  a  mine 
d i s a s t e r .  Immediately a f t e r  a  d i s a s t e r  a  h e l i c o p t e r  i s  f l own  over  t he  area 
and w i t h  t h e  a i d  o f  t h e  h e l i c o p t e r  r e c e i v e r  coarse l o c a t i o n ,  and t he  a c t i v e  
channels a r e  determined. F i n a l  p r e c i s e  l o c a t i o n  i s  made w i t h  t h e  s i n e l e  channel 
mancarr ied r e c e i v e r .  , 
15 mancarr ied r e c e i v e r s  i n c l u d i n g  antenna and headset were b u i l t  and d e l i v e r e d  t o  
t h e  Bureau. 5  he1 i c o p t e r  r e c e i v e r s  i n c l u d i n g  headsets and a  50 f o o t  t e t h e r i n q  
cab le  t o  suppor t  t h e  suspended he1 i c o p t e r  antenna were de l  i v e r e d  t o  t he  
Bureau. Th is  p roduc t i on  exper ience has r e s u l  t e d  i n  a  f i r m  p r o d u c i b l e  e l e c t r i c a l  
and mechnaical des ign t h a t  can now be manufactured i n  q u a n t i t y .  
The i n f o r m a t i o n  i n  t h e  f o l l o w i n g  sec t i ons  d iscusses t h e  d e t a i l s  o f  t h e  
mancarr ied and h e l i c o p t e r  r e c e i v e r s .  From Phase I - De f i ne  problem and i d e n t i f y  
p o s s i b l e  s o l u t i o n s  th rough  Phase I V  b u i l d  and d e l i v e r  p roduc t i on  u n i t s .  A 
phase V documentat ion i s  p rov ided  under ano ther  package t h a t  i nc l udes  schematics,  
p a r t s  1 i s t ,  f a b r i c a t i o n  drawings, p roduc t i on  t e s t  requ i rements ,  and i n s t r u c t i o n  
manual s. 
2.0 PHASE I DEFINE PROBLEM AND IDENTIFY SOLUTION 
Th is  s e c t i o n  w i l l  d i scuss  t he  r e c e i v e r  requirements and p resen t  t he  
r e c e i v e r  e l e c t r i c a l  and mechanical des ign  t o  f u l f i l l  these requi rements.  
Other des ign  i n f o r m a t i o n  such as u p l i n k  s i g n a l  t o  no i se  r a t i o ,  f i l t e r  
response, antenna des ign  and b a t t e r y  comparisons a r e  inc luded .  
2.1 R E C E I V E R  DESCRIPTION 
The mancarr ied and h e l i c o p t e r  r e c e i v e r s  a r e  used t o  d e t e c t  and l o c a t e  
t he  p o s i t i o n  o f  a  pu lsed  t r a n s m i t t i n g  antenna below t h e  sur face .  These 
r e c e i v e r s  opera te  f rom 1050 t o  3030 h e r t z  and use a  loop  antenna approx- 
i m a t e l y  15 inches i n  d iameter  t o  d e t e c t  a  n u l l  i n  t h e  v e r t i c a l  magnetic 
f i e l d  o f  a  t r a n s m i t t i n g  l oop  below t h e  sur face .  The t r a n s m i t t i n g  antennas 
a re  a  p o r t a b l e  90 f oo t  l oop  o r  a  f i x e d  400 f o o t  loop.  Loca t i on  depths t o  
1600 f e e t  have been detected.  The p o s i t i o n  d i r e c t l y  over  t h e  t r a n s m i t t i n g  
antenna i s  i n d i c a t e d  by a  n u l l  i n  t he  v e r t i c a l  magnetic f i e l d .  Th i s  n u l l  
i s  i n d i c a t e d  by a  panel meter and a  headset on t h e  rece i ve rs .  The he1 i- 
cop te r  r e c e i v e r  i s  e s s e n t i a l l y  s i x  mancarr ied r e c e i v e r s  i n  one package w i t h  
two ope ra to r  p o s i t i o n s  t h a t  enable sw i t ch ing  t o  any o f  t he  s i x  channels.  The 
h e l i c o p t e r  r e c e i v e r  a l s o  uses a  l oop  antenna t h a t  i s  suspended 50 f e e t  below 
the  he1 i c o p t e r  t o  p rov ide  i s o l a t i o n  f rom h e l i c o p t e r  e l e c t r i c a l  no ise .  
2.2 R E C E I V E R  SPECIFICATIONS 
The f o l l o w i n g  r e c e i v e r  s p e c i f i c a t i o n s  a r e  the f i n a l  des ign va lues.  Changes 
f rom t h e  o r i g i n a l  s p e c i f i c a t i o n  a re  as f o l l o w s :  Bandwidth changes were made 
t o  p rov ide  a  reasonable c o s t  f i l t e r ,  BNC ou tpu t  connectors were e l i m i n a t e d  
because o f  l i m i t e d  panel space, mancarr ied rechargeable b a t t e r i e s  were rep laced  
by p r imary  c e l l s  t o  p rov ide  b e t t e r  se rv i ce ,  t he  h e l i c o p t e r  r e c e i v e r  was 
changed t o  have two ope ra to r  p o s i t i o n s  t o  p rov ide  b e t t e r  ope ra t i on .  
2.2.1 MANCARRIED R E C E I V E R  
Receiver Bandwidth 
3  DB p o i n t s  NMT 30 HZ 
60 DB po in tw NMT 125 HZ - 7- 
S e n s i t i v i t y  
.05 m i c r o v o l t s  f o r  6DB S+N/N r a t i o .  
Environmental  Requirements 
-40c0 t o  +50c0 
Waterproof case, connectors and swi tches.  
Operator  Cont ro ls  
On-of f ,  b a t t e r y  test , f requency s e l e c t ,  and g a i n  c o n t r o l .  Antenna hand he1 d 
and manual ly o r i e n t e d  t o  s e l e c t  f i e l d  component be ing  measured. 
Frequencies 
Designed f o r  Channel 18,1050 t o  Channel 51) 3030 HZ. Channel f requency (HZ)  
= Channel No. X 60 - 30. Channel 2 t o  16 and channel 52  t o  channel 99 a v a i l a b l e  
w i t h  reduced performance, due t o  1000 t o  3000 HZ bandpass f i l t e r  o f  f i r s t  
stages. Channel 17 and 1 a re  unuseable. 
S ignal  S t reng th  Range 
.05 Mic rovo l  t s  t o  100 mic rovo l  t s  
S h e l f  L i f e  - 
F i v e  Years 
Power 
Four 3.0 v o l t  l i t h i u m  b a t t e r i e s  LR 660 
Continuous Operat ion Requirement 
U n i t  s h a l l  operate con t i nuous l y  f o r  120 hours,  w i t h  f r e s h  b a t t e r i e s .  
Measurements 
A v i s u a l  f i e l d  s t r e n g t h  meter i s  prov ided.  A XTAL headset i s  prov ided.  
Antenna 
Po t t ed  500 t u r n  l oop  approx imate ly  15 i n c h  diameter.  
I n t r i n s i c  S a f e t v  
Approved by Mesa P e r m i t  number 331. 
2.2.2 HELICOPTER RECEIVER 
S e n s i t i v i t y  
.05 m i c r o v o l t s  f o r  6DB S+N/N r a t i o .  .5  m i c r o v o l t s  w i t h o u t  pre-amp1 i f i e r .  
Rece ive r  Bandwidth 
3DB p o i n t s  NMT 30HZ 60DB p o i n t s  NMT 125HZ 
Env i  ronmental  Requi rements 
-40c0 t o  50c0 
O ~ e r a t o r  C o n t r o l  s 
O n - o f f - b a t t e r y  t e s t ,  f requency s e l e c t ,  g a i n  c o n t r o l  and r e c e i v e r  s e l e c t .  
Rece iver  s e l e c t  a l l o w s  two o p e r a t o r s  t o  s e l e c t  any o f  t h e  s i x  r e c e i v e r  o u t p u t s .  
Frequenc ies - 
Designed f o r  channel 18, 1050 HZ t o  channel 51, 3030Hz. Channel Frequency (HZ)= 
Channel No. X 60-30. Channel 2 t o  16 and channel 52 t o  90 a v a i l a b l e  w i t h  
reduced performance, due t o  1 t o  3 KHz bandpass f i l t e r  o f  f i r s t  s tages.  Channel 
17  and 1 a r e  unuseable. 
S i a n a l  S t r e n a t h  Ranae 
.05 mi c r o v o l  t s  t o  100 m i  c r o v o l  t s  . 
Power 
12 VDC rechargeab le  l e a d  a c i d  b a t t e r y .  Can o p e r a t e  f rom e x t e r n a l  12 VDC a u t o  
b a t t e r y .  
O ~ e r a t i o n a l  Use 
W i t h  6 month maintenance recharge. U n i t  w i l l  o p e r a t e  a minimum o f  8 hours .  
W i t h  8 hour  recharge u n i t  w i l l  o p e r a t e  f o r  16 hours .  
Antenna 
P o t t e d  500 t u r n  l o o p  approx imate ly  15 i n c h  d iamete r .  I n c l u d e s  20DB preamp1 i f i e r  
and v o l t a g e  f o l l o w e r  powered f rom r e c e i v e r .  Antenna i s  suspended by 50 f o o t  
c a b l e .  
Measurements 
S i x  v i s u a l  f i e l d  s t r e n g t h  meters  and two s w i t c h a b l e  headset o u t p u t s  a r e  p rov ided .  
Mancar r ied  Recei v e r  E l e c t r i c a l  Design 2.3 - 
The r e q u i r e d  minimum d e t e c t i o n  o f  .1 UA/Meter f i e l d  r e s u l t s  i n  an antenna 
v o l t a g e  o f  
2 VOS = 8 7 1  X AfHn 
A  = . I 1 3  Meter  2 
F o r  t h e  above antenna, H  f i e l d  and f requency,  
VOS = ,044 M i  c r o v o l  t s  
.05 m i c r o v o l t s  r e q u i r e s  a  g a i n  o f  a p p r o x i m a t e l y  160 DB t o  o b t a i n  an accep tab le  
l e v e l  t o  d r i v e  t h e  headset and panel  meter.  
The r e q u i r e d  g a i n  o f  160DB would  n o t  be s t a b l e  i f  t h e  g a i n  i s  a l l  a t  one f r e -  
quency, t h e r e f o r e  t h e  g a i n  d i s t r i b u t i o n  and up convers ion  o f  f i g u r e  1  was 
chosen. T h i s  f requency scheme p r o v i d e s  i s o l a t i o n  f o r  i n p u t  and o u t p u t  f r e q -  
uenc ies  excep t  f o r  channel 17 (990 HZ). A t  t h i s  f requency  t h e  i s o l a t i o n  
p r o v i d e d  by t h e  XfAL f i l t e r  i s  n o t  s u f f i c j e n t  t o  e l i m i n a t e  o s c i l l a t i o n ,  so 

t h a t  channel 17 i s  unuseable. 
A  complete b l o c k  d iagram o f  t h e  r e c e i v e r  i n c l u d i n g  t h e  s y n t h e s i z e r  i s  shown 
i n  f i g u r e  2. 
The r e c e i v e d  s i g n a l  i s  a m p l i f i e d  80 DB and f i l t e r e d  b e f o r e  m i x i n g  w i t h  a  
v a r i a b l e  i n j e c t i o n  f requency f rom t h e  SMO t o  p r o v i d e  sum and d i f f e r e n c e  f r e q u e n c i e s .  
The sum f requency  (upper s ideband)  50130 H e r t z  i s  passed by t h e  s e l e c t i v e  
50130 HZ XTAL f i l t e r .  A1 1  o t h e r  f r e q u e n c i e s  a r e  r e j e c t e d  b y  t h e  f i l t e r .  A f t e r  
pass ing  th rough  t h e  f i l t e r  a  second m i x e r  w i t h  a  f i x e d  SMO i n j e c t i o n  f requency  
o f  49152 H e r t z  r e s u l t s  i n  sum and d i f f e r e n c e  f requenc ies  o f  99 282 Hz and 978 Hz. 
The d i f f e r e n c e  f requency i s  a m p l i f i e d  80 DB w h i l e  t h e  sum f requency  i s  
c o m p l e t e l y  a t t e n u a t e d  b y  a  l o w  pass f i l t e r .  The r e s u l t i n g  978 HZ s i g n a l  d r i v e s  
t h e  panel  mete r  and t h e  headset. A l l  incoming s i g n a l s  1050 t o  3030 Hz a r e  
conver ted  t o  978 HZ by t h i s  convers ion  scheme. 
2.4 - HELICOPTER RECEIVER DESIGN 
The h e l i c o p t e r  r e c e i v e r  des ign  i s  i d e n t i c a l  t o  t h e  mancar r ied  r e c e i v e r  excep t  
t h a t  t h e  f i r s t  20DB o f  g a i n  i s  removed f rom t h e  r e c e i v e r  and p u t  i n  t h e  antenna 
package. F i g u r e  3  shows a  b l o c k  d iagram o f  t h e  mu1 t i p l e  channel h e l i c o p t e r  
r e c e i v e r .  
2.5 MECHANICAL 
P r e l i m i n a r y  l a y o u t s  o f  t h e  manpack r e c e i v e r  and h e l i c o p t e r  r e c e i v e r  were completed 
d u r i n g  Phase I. The manpack r e c e i v e r  i s  comprised o f  a  hydroformed aluminum 
can w i t h  spotwelded be1 t l o o p  and f u s i o n  welded n u t  b lanks.  The cover  i s  an 
inves tment  c a s t  alumlnurn w i t h  a  recessed gaske t  s u r f a c e  and p r o j e c t i n g  edge t o  
o f f e r  p r o t e c t i o n  f o r  t h e  connectors  and c o n t r o l s .  A  vacuum-formed po lycarbona te  
cover  i s  s l i p p e d  o v e r  t h e  t o p  o f  t h e  r e c e i v e r  f o r  p r o t e c t i o n  a g a i n s t  d i r t  
d u r i n g  l o n g  p e r l o d s  o f  s to rage .  A  p i c t u r e  o f  t h e  mancar r ied  r e c e i v e r  i s  shown 


i n  f i g u r e  4. A d d i t i o n a l  d e t a i l  can be ob ta i ned  from the  documentat ion package. 
The h e l i c o p t e r  r e c e i v e r  c o n s i s t s  of two sand c a s t  aluminum s i des  which serve 
as handles and p r o t e c t i o n  f o r  t h e  f r o n t  panel  and t h e  connectors  and power 
c o r d  on t h e  near panel .  Heavy gauge aluminum sheet  w i l l  be used f o r  t h e  
remainder o f  t he  chass is  t o  p r o v i d e  a  low cos t ,  l i g h t  weight ,  y e t  rugged u n i t .  
A  p i c t u r e  o f  t h e  h e l i c o p t e r  r e c e i v e r  i s  shown i n  f i g u r e  5. A d d i t i o n a l  
d e t a i l  can be ob ta i ned  f rom the  documentat ion package. 
FILTER RESPONSE 2.6 - 
The f i l t e r  pu l se  response f o r  a  p r a c t i c a l  t h r e e  p o l e  b u t t e r w o r t h  f i l t e r ,  s i m i l a r  
t o  t h e  f i l t e r  cons idered f o r  t h i s  design, and a  minimum r i n g i n g  Gaussian f i l t e r  
was t h e o r e t i c a l l y  i n v e s t i g a t e d .  
F i gu re  6 shows t he  t h e o r e t i c a l  dynamic response of a  t h r e e  p o l e  b u t t e r w o r t h  
bandpass f i 1  t e r  w i t h  f i g u r e  7 showing t h e  dynamic response o f  a  Gaussian band- 
pass f i l t e r  t o  a  100 ms pu lse .  The p u l s e  i s  a  s i m u l a t i o n  of  t h e  i n p u t  s i g n a l  
t o  t he  r e c e i v e r  from t h e  waveform generator .  The graphs s imu la te  t h e  response 
of  t he  r e c e i v e r  t o  t h e  pu lses  w i t h  nominal 10  Hz bandwidth. 
From these graphs, i t  can be seen t h a t  a l t hough  t h e  Gaussian f i l t e r  does e x h i b i t  
minimum r i n g i n g ,  no apparent  ove r  shoo t  o r  o b j e c t i o n a b l e  r i n g i n g  w i l l  occur  f o r  





2.7 Receiver  Noise F igu re  and Antenna Dete rmina t ion  
Phase I t h e o r e t i c a l  i n v e s t i g a t i o n s  were completed r e l a t i n g  t o  antenna 
des ign  and r e c e i v e r  no i se  f i g u r e .  The r e s u l t i n g  c a l c u l a t i o n s  determine 
t h e  minimum l o o p  r a d i u s ,  f o r  a  g i ven  l o o p  weight ,  t h a t  i f  t h i s  r a d i u s  i s  
increased beyond t h e  minimum s i ze ,  no th i ng  w i l l  be added t o  t he  r e c e p t i o n  
o f  t h e  s i gna l  o r  i t s  r ece i ved  s i gna l - t o -no i se  r a t i o .  
Th i s  minimum r a d i u s  f o r  t h e  r e c e i v i n g  antenna i s :  
Where 
F  = To ta l  r e c e i v e r  no i se  f a c t o r  
'In = Minimum no i se  f i e l d  i n  ua/m f o r  bandwidth t f  
W = Loop weight  i n  Kgm 
f = Receiver f requency i n  Hz 
o f  = Receiver no i se  bandwidth i n  Hz 
7' = Amount rece ived  ambient no ise  i s  g rea te r  than i n t e r n a l  r e -  
c e i v e r  no i se .  
Using t h i s  equa t ion  w i t h ?  = 10, f = 1  KHz, W = 3.46 Kgm, F  = 31.62/15 db, 
nf = 10 Hz, and tin = 0.05 ua/m the  minimum r a d i u s  f o r  an untuned r e c e i v e r  
i s  9.48 inches which i s  c l o s e  t o  t h e  r a d i u s  o f  t h e  present  l oop  antenna. 
* For d e r i v a t i o n  see R .  P. Decker, "S ignal  t o  Noise Ana lys is  f o r  Loop- 
to-Loop Mine C o n u n i c a t i o n s " ,  F i n a l  Report Cont rac t  H0232056 Page 5-10. 
From these c a l c u l a t i o n s  i t  c u r r e n t l y  appears t h a t  bo th  t he  mancarr ied 
and h e l i c o p t e r  r e c e i v e r s  can be broadbanded e l i m i n a t i n g  any t u n i n g  
capac i t o r s .  
2.8 Re-examination o f  U p l i n k  Signal-To-Noise - - R a t i o  
The f o l l o w i n g  F igures  8 and 9, a r e  propagat ion c a l c u l a t i o n s  f o r  ex- 
pected S/No ( f o r  a  1  Hz bandwidth) us i ng  t h e  newest NBS no i se  data 
ava i 1  abl  e  21 December 1  973. 
C a l c u l a t i o n s  were made f o r  bo th  Mean Surface Noise and Minimum Surface 
Noise Grades us ing  bo th  a  100 f o o t  t r a n s m i t t i n g  l o o p  and a  400 f o o t  t r a n s -  
m i t t i n g  loop .  Overburden depths v a r i e d  between 50 meters and 300 meters 
f o r  c o n d u c t i v i t i e s  o f  0.01 mhos/meter. 
A l though these c a l c u l a t i o n s  have no d i r e c t  e f f e c t  on t h e  ac tua l  des ign,  
t hey  can be used t o  determine what e f fec ts  va r i ous  t r a n s m i t t e r  l o o p  
s i zes  and powers have on t h e  surface f i e l d s .  


2.9 B d t t e r y  Se lec t i on  and Charger Resu l ts  
2.9.1 H e l i c o p t e r  Receiver 
Two 6 v o l t s  4 . 5  A.H.  b a t t e r i e s  a r e  requ i red  f o r  t h e  h e l i c o p t e r  r e c e i v e r .  
The cho ice  f o r  these b a t t e r i e s  a r e  t h e  Gates l ead  a c i d  c e l l  t ype .  The 
o t h e r  b a t t e r y  cons idered was t h e  Globe ge l  c e l .  Th is  b a t t e r y  was d i s -  
carded i n  f a v o r  o f  t h e  Gates because o f  t h e  amount o f  hydrogen and oxygen 
vented. The gel  c e l l  has a  l ow  pressure seal t h a t  vents  e a s i l y  d u r i n g  
charg ing ,  whereas t h e  Gates has a  h i gh  pressure seal t h a t  has a  minimum 
amount o f  ven t ing .  Th i s  ven t i ng  o f  hydrogen and oxygen i s  deemed unde- 
s i r a b l e  because o f  c o r r o s i o n  and p o s s i b l e  exp los ion  i n  a  sealed, water-  
t i g h t  enc losure.  
The 4.5 A.W. b a t t e r y  w i l l  meet t h e  8 hour ope ra t i on  requi rements between 
charges. The requi rement  f o r  6 hour operat i ion a f t e r  a  one hour prepara-  
t i o n  t ime  can a l s o  be met, bu t  i t  i s  recommended t h a t  a  6 month maintenance 
program be es tab l  ished so t h a t  a  one hour f a s t  charge p repa ra t i on  t ime  
i s  n o t  r equ i red .  The reasons f o r  e s t a b l i s h i n g  a  s i x  month maintenance 
program a r e  t h a t  l ead  a c i d  b a t t e r y  manufacturers  do n o t  recommend storage 
i n  a  d ischarged s t a t e ,  d e l e t i n g  t h e  f a s t  charge w i l l  s i m p l i f y  t h e  charger ,  
and ope ra t i on  readiness w i l l  be enhanced. The low s e l f  d ischarge  r a t e  o f  
6 - 8% pe r  month w i t h  a  6 month maintenance charge w i l l  p rov ide  t h e  r e -  
qu i r ed  6 hours o f  ope ra t i on  w i t h o u t  a  one hour p repa ra t i on  t ime .  
The charger f o r  t h e  he1 i c o p t e r  r e c e i v e r  w i l l  be se l f - con ta ined  and w i l l  
c o n s i s t  o f  an i n t e g r a t e d  c i r c u i t  U723 r e g u l a t o r  i n  a  cons tan t  v o l t a g e  
charg ing  c o n f i g u r a t i o n .  
2.9.2 Manpack Receiver 
Two 6 v o l t  1  A.H. b a t t e r i e s  a r e  requ i red  f o r  t h e  manpack r e c e i v e r  t o  p r o -  
v i d e  t h e  r e q u i r e d  20 hours o f  ope ra t i on .  A Gates c e l l  o f  t h i s  s i z e  i s  
n o t  a v a i l a b l e  so t h a t  a  cho ice  had t o  be made between a  Globe ge l  c e l l ,  
Ni-Cad o r  l i t h i u m  p r ima ry  c e l l .  A d e t a i l e d  comparison o f  a l l  o f  
these b a t t e r y  t ypes  i s  shown i n  F igu re  10. The ge l  c e l l  has ven t i ng  prob-  
lems and t h e  Ni-Cad has poor se l f -d ischarge  and a  c e l l  r e v e r s a l  memory 
problem. The 1  i t h i u m  pr imary  c e l l  i s  1  i gh twe igh t ,  has l ong  s h e l f  1  i f e  
and appears t o  be i d e a l  f o r  t h i s  a p p l i c a t i o n  b u t  i s  n o t  rechargeable.  
The l i t h i u m  c e l l  would n o t  r e q u i r e  a  6 month maintenance program, bu t  would 
r e q u i r e  a s h e l f  l i f e  replacement t ime o f  3 - 5 years .  The 4 AH would 
p rov ide  approx imate ly  80 hours of ope ra t i on .  No p repa ra t i on  t ime  o r  















































































































































































































































































































































































































































































































3.0 PHASE I 1  DESIGN EQUIPMENT 
3.1 INTRODUCTION 
The f o l l o w i n g  i n fo rma t ion  and data were the recommended phase I 1  design 
f o r  t he  rece ivers  o f  the  "Waveform Generator Package and Receiver", 
c o n t r a c t  No. H0242010. 
Dur ing t h i s  phase, the out1 i ned  s o l u t i o n s  from Phase I were used as 
a guide and the  rece i ve r  c i r c u i t s  were designed, breadboard, and 
tested.  The f i n a l  mechanical c o n f i g u r a t i o n  and design was completed. 
E l e c t r i c a l  design, schematics, s i g n i f i c a n t  t e s t  resu l  ts ,  mechanical 
design, drawings and selected s p e c i f i c a t i o n s  were presented f o r  Bureau 
comnents, changes and approval. This  sec t i on  r e f l e c t s  the  f i n a l  design 
w i t h  a1 1 changes incorporated. 
3.2 ELECTRICAL DESIGN 
3.2.1 - Man Car r ied  Receiver 
With reference t o  F igure  11, the  schematic o f  the man c a r r i e d  rece iver ,  
a  d e s c r i p t i o n  o f  t he  rece i ve r  opera t ion  w i l l  be discussed. 
The received s igna l  p icked up by the  antenna ranges from .1 UA/M t o  
100 MA/M o r  .05 UV t o  50 MV. To r a i s e  the  minimum vol  tage t o  a 1 V 
l e v e l  w i thou t  losses t o  d r i v e  a headset requ i res  146 dB o f  gain. 
The f i r s t  40 dB o f  ga in  i s  obta ined by two FET stages. The low no ise  
c h a r a c t e r i s t i c  o f  FETS a re  used f o r  the  f i r s t  stages t o  o b t a i n  the  requ i red  
S+N/N r a t i o .  The l a s t  FET stage i s  buf fered by an e m i t t e r  f o l l o w e r  
before the  nex t  40 dB o f  op amp gain. This  opera t iona l  amp1 i f i e r  

i s  configured as a high pass act ive f i l t e r  to  fur ther  re ject  noise outside 
of the desired receiver bandwidth. High frequency noise i s  attenuated 
by the inherent high frequency ro l l  off of the op amp and the feedback . 
capacitor a t  the emitter f o l l  ower. 
The received signal i s  then mixed with the variable injection from the 
synthesizer t o  produce sum and difference frequencies. A 1,050 Hz 
received signal mixes with 51,100 Hz t o  produce 52,230 Hz and  50,130 Hz. 
The 52,230 Hz i s  rejected by the crysta l  f i l t e r  while the 50,130 Hz signal 
i s  passed through the f i l t e r  with 1 i t t l e  a t tcnuat ion.  After buffering 
and matching by an emit ter  follower, the 50,130 Hz signal i s  mixed with 
a fixed injection frequency of 49,152 Hz, producing a 978 Hz and  a 
99,282 tlz signal.  The 978 Hz signal i s  passed through the f ina l  two 
op amp stages with a gain of approximately 80 dB. The op amp frequency 
response i s  rolled off above 1 kHz so that  the 99,282 Hz image i s  
rejected.  This f ina l  978 Hz signal drives the headset and meter c i r c u i t .  
This o f f se t  frequency scheme provides isolat ion between the input signal 
and o u t p u t  signal t o  mininlizc the possibil i t y  of osc i l l a t ions  caused 
by coup1 ing between the antenna and output c i r c u i t s .  
The large (120 dB) of signal range .1 UA/M to  100 MA/M i s  accomnodated 
by 3 FET attenuators controll ing 3 gain stages.  These FETs a re  used 
as voltage controlled variable r e s i s to r s  a l l  being driven by a s ingle  
volume control . 
The receiver i s  powered by four 3.0 vol t  lithium primary c e l l s .  These 
c e l l s  a re  configured to  provide +6 vol ts  and -6 vo l t s .  Battery l i f e  i s  
estimated t o  be 80 hours. The ba t te r ies  a r e  made in t r in s i ca l ly  safe 
by the addition of a small internal res i s tor  by the battery manufacturer. 
3.2.2 Frequency Syn thes  i zer  
F igu re  / a  i s  a  schematic o f  t h e  d i g i t a l  ULF syn thes i ze r  which de r i ves  
a  t o t a l  o f  34 d i s c r e t e  RF ou tpu t  f requenc ies  by u s i n g  a  s i n g l e  phase- 
locked RF f requency de te rm in ing  loop.  The accuracy and s t a b i l i t y  o f  
t he  d e r i v e d  RF o u t p u t  s i g n a l  i s  i d e n t i c a l  t o  t h a t  o f  the  s e l f - c o n t a i n e d  
f requency standard. A d d i t i o n a l l y ,  a  s i n g l e  second i n j e c t i o n  f requency 
i s  supp l ied .  
The syn thes i ze r  i s  composed o f  two major  sec t i ons :  f requency s tandard 
s e c t i o n  c o n s i s t i n g  o f  a  245.76 kHz re fe rence  o s c i l  l a t o r ,  re fe rence  
osc i  1  l a t o r  d i v i d e r ,  and second i n j e c t i o n  re fe rence  d i v i d e r ;  and a  phase- 
1  ocked RF f requency de te rmin ing  1  oop c o n s i s t i n g  o f  v a r i a b l e  d i v i d e r ,  
d i s c r i m i n a t o r  VCO, b u f f e r  ampl i f i e r ,  and o u t p u t  ampl i f i e r s .  
The re fe rence  o s c i  1  l a t o r ,  r e fe rence  o s c i  1  l a t o r  d i v i d e r ,  and second i n j e c t i o n  
re fe rence  d i v i d e r  supply  f i x e d  f requency s i g n a l s  . The re fe rence  o s c i  11 a t o r  
i s  a  c r y s t a l  c o n t r o l l e d  an t i - r esonan t  o s c i l l a t o r  c i r c u i t  c o n s i s t i n g  
o f  one gate s e c t i o n  i n  a  4049AE C-MOS Hex b u f f e r  and a  245.76 kHz 
c r y s t a l  w i t h  assoc ia ted  capac i t o r s  and r e s i s t o r s .  Th i s  c r y s t a l  o s c i l l a t o r  
d r i v e s  both t he  re fe rence  d i v i d e r  and t h e  second i n j e c t i o n  d i v i d e r .  The 
re fe rence  d i v i d e r  employs a  C-MOS 4020AE 14 stage b i n a r y  d i v i d e r  us i ng  
12 stages t o  d i v i d e  the  245.76 kHz t o  t he  des i r ed  60 Hz re fe rence  f r e -  
quency f o r  i n j e c t i o n  i n t o  t h e  phase-locked loop .  The second i n j e c t i o n  
d i v i d e r  takes the  245.76 kHz o u t p u t  o f  t h e  c r y s t a l  r e fe rence  osc i  1  l a t o r  
and by use of a  C-MOS 4027AE dual J-K f l i p - f l o p  and p a r t  o f  a  4013AE 
dual D f l i p - f l o p ,  d i v i d e s  the  c r y s t a l  f requency by f i v e  t o  o b t a i n  t h e  
49.152 kHz which i s  ampl i f i e d  and b u f f e r e d  i n  two a d d i t i o n a l  gates o f  
the  4049AE and suppl i e d  e x t e r n a l  l y  f o r  t h e  second i n j e c t i o n  s i g n a l  . 

The phase-locked RF frequency determining loop consists of a 853 to  886 
divider,  a C-MOS phase-locked loop and various amplifiers.  The RF 
frequency originates from the VCO contained in  the C-MOS 4046AE 
c i r c u i t .  This VCO i s  s e t  t o  cover the proper frequency range 51.18 
to  53.16 by the addition of a capacitor on pins 6 and 7 and by the 
appl ication of the proper control voltage into pin 9 .  The output of 
the V C O  i s  buffered and supplied two places: the output amp1 i f i e r  
which drives the f i r s t  mixer of the radio, and the variable divider 
which i s  controlled to  divide by 853 to 886 and drive thc phase comparator 
in the  4046AE pack. The phase comparator in the 4046AE pack compares 
the variable divider signal with the reference divider signal of 
60 Hz and suppl ies  a DC control voltage thru the low-pass f i l t e r ,  
CR1, C R 2 ,  R1, R2, R3, C4 and C5 t o  the VCO control.  The VCO frequency 
i s  divided by the variable divider until  i t  i s  60 Hz. Sett ing the var i -  
able divider a t  853, channel 18, for  instance will force the V C O  t o  
go t o  51.18 kHz where the loop will become bala.nced. Likewise se t t ing  
the divider to  886, channel 51, will force the VCO t o  go t o  53.16 kHz. 
The variable divider consists of three sect ions;  a programniable section 
consisting of two presettable decade dividers ,  a fixed divide-by-eight 
and s t a t e  recognition-reset c i r cu i t ry .  The complete divider uses a 
to ta l  of f ive  and one half integrated c i r c u i t s .  The divider has a 
division ra t io  capabi l i ty  of 800 through 899 b u t  produces the required 
ra t ios  of 853 through 886 in response to  channel number (1 8 t o  51) in  
BCD encoded form. Division ra t ios  are accornpl ished by se t t i ng  the counter 
to the channel number in BCD and allowing i t  to  count down through i t s  
sequence. Note here that the 100's counter i s  fixed t 8 so f o r  channel 
18 i t  i s  s e t  t o  818. I t  i s  a l lowed t o  count  down through zero and on t o  
t h e  r e c o g n i t i o n  s t a t e  o f  967. I t  then takes one more count  t o  t r i p  the 
s t robe  f l i p - f l o p  (1 /2  of 4013AE) and one more count t o  s t robe  i n  t h e  d i a l  
s e t t i  ng which a1 so supp l ies  a  pu lse  t o  t h e  comparator i n p u t  o f  the  4046AE 
pack. The sequence then cont inues again. The counts add up as f o l l o w s :  
w i t h  t h e  c o n t r o l s  s e t  on 18, 818 i s  s e t  i n t o  t h e  counter .  I t  counts 
down through zero t o  967, 818 + 33, and r e q u i r e s  two more counts t o  
complete ly  rese t ,  818 + 33 + 2  = 853 the  d i v i s i o n  r a t i o  r e q u i r e d  f o r  
channel 18. I f  channel 51 i s  des i red,  851 i s  s e t  i n  and count ing  down 
through zero t o  967 p l u s  two more f o r  r e s e t t i n g  g ives  a  t o t a l  o f  886, 
851 + 33 + 2  = 886, which i s  t h e  d i v i s i o n  r a t i o  des i red  f o r  channel 
51. The 967 count  i s  recognized by gates 4001AE and 4012 as 
0 0 0 0 - 0  11-1 - bTi 1  1. The o the r  b i t s  a r e  redundant. 
3.2.3 He1 i c o p t e r  Receiver  
The h e l i c o p t e r  r e c e i v e r  schematic seen i n  F igu re  13 i s  the  same bas ic  
rece i ve r  as the man c a r r i e d  r e c e i v e r .  The f i r s t  FET stage f rom the  bas ic  
r e c e i v e r  i s  i n s t a l l e d  w i t h a  vo l t age  f o l l o w e r  a t  t he  antenna. A  
vo l t age  e m i t t e r  f o l l w e r  i s  r equ i red  t o  p rov ide  b u f f e r i n g  and a  low 
impedance source t o  min imize p ickup.  A  schematic o f  t h e  antenna, 
and pre-amp i s  a l s o  seen i n  F igu re  14. 
Tne h e l i c o p t e r  r e c e i v e r  i s  powered by a  gates sealed l ead  a c i d  recharge- 
ab le 12 V b a t t e r y  w i t h  a  cen te r  t a p  t o  p rov ide  +6 v o l t s  and -6 v o l t s .  
A s e l f  conta ined charger  i s  supp l ied .  The charger  i s  an o f f  t h e  s h e l f  
low c o s t  l i m i t e d  temperature range power supply  t h a t  i s  r e a d i l y  packaged 
i n t o  t h e  r e c e i v e r  case. The c a p a b i l i t y  t o  operate f rom an ex te rna l  


12 V auto b a t t e r y  i s  provided. Access i s  through two spr ing  loaded 
b ind ing  posts.  The two headset outputs can be switched t o  l i s t e n  t o  any one 
o f  t he  6 channels. 
3.2.4 Antenna Design 
The equqt ions used f o r  the antenna design w i l l  be der ived i n  d e t a i l  
t o  show the var ious r e l a  ti onshi ps between rece i ve r  design , antenna 
parameters, and ambient noise.  
Noise con t r i bu ted  by the  rece i ve r  i s  f i r s t  examined and then t h i s  noise 
i s  used i n  t h e  o v e r a l l  system no ise  eva lua t i on  r e s u l t i n g  i n  an 
optimum antenna design. 
3.2.5 Rece i ver Noi se 
Before the antenna design can be completed, t h e  noise c o n t r i b u t i o n  
due t o  the r e c e i v e r  must be used w i t h  the noise received by the  antenna. 
This c a l c u l a t i o n  i s  as fo l lows:  
Assume a no i sy  r e c e i v e r  w i t h  a  ga in  o f  A. The no ise  f a c t o r  F i s  g iven 
by: 
Noisy Rec 
i n -- {,i,APk o u t  
S i /N i  F =  - Ideal  
So/No Actual 
where S i /N i  i s  the  S/N a t  t he  i n p u t  and So/No i s  the S/N a t  the output .  
Both S/N r a t i o s  are expressed as a  power r a t i o .  
The s i g n a l  o u t  equals t he  s i g n a l  i n  m u l t i p l i e d  by t he  ga in  A :  
So = SiA 
Subs t i  t u t i n g  f o r  So: 
S i / N i  = 1/Ni = No F = - - -- 
SiA/No A/No ANi 
Rear ran y i ng : 
No = FANi 
Se t  the! rioi:,c o u t p u t  ilo cqua l  t o  a n o i s c  c q u i v a l c n t  Nccl a t  t he  i n p u t  
No = A Ncq 
No = FANi = A Neq 
F N i  = Neq 
Neq = F N i  
Noi se less  Rec 
Gain = A tI' No 
J l ~ c  t o t a l  rloisc power- o f  the r c c e i v c r  i s  exprcr,sed i n  terlrls of t t lc  
no i s c  r ' l c to r  and the i n p u t  nois(,  powrr  N i  . 
Now assurric a genera to r  source i r~~pcdi lncc o f  I( on t l ~ c  i nout  o f  the  
r e c e i v e r .  The r lo isc  generated by t h i s  r e s i s t o r  R i s  g i ven  by: 
where K = Boltzrnann's cons tan t  
= 1.38 X jou les /deg .  
T = temperature,  OK 
= 273 + OC 
R = r es i s tance  i n  ohms 
~f =- noisct 1)andwidttl i n  h e r t z  
Since the noise i n p u t  N i  i s  NR, t h e  noise i n  the generator R, equat ion 
2  can be w r i t t e n  as: 
Neq = FNR 
Neq = (F)  ( ~ K T R A ~ )  
R Noiseless Rec 
r -. Neq = F ( ~ K T R A ~ )  
Consequently, t h e  no ise  generator i s  now i n  terms o f  t he  rece i ve r  no ise  
f a c t o r  F, the generator res is tance R, and t h e  bandwidth n f .  The 
rece i ve r  can now be considered no ise less  w i t h  a  ga in  o f  A.  
This equat ion i s  used i n  the  f o l l o w i n g  ana lys i s  o f  the loop antenna. 
3.2.6 System Analys is  and Antenna Design 
Assume a  loop antenna w i t h  a  received s ignal  V s i g ,  a received ambient 
noise vol tage VAN, and the t o t a l  rece i ve r  n o i s e  VRN as fo l l ows :  
r3 
.r 
* R (antenna DC res is tance)  
Receiver Noise v i N  = (F) ( ~ K T R A ~ )  
Received Signal vGig = ( 8 n 2 f ~ ~ ~ 1 0 - 7 ~ S ) 2  
Received Amb. Noise V& = ( 8 n 2 f ~ ~ ~ 1 0 - 7 ~ N ) 2  
1-m-4 L antenna 
i4OTE: Vsig and VAN der ived as Vo2 i n  R.P. Decker's paper: Signal 
t o  Noise Analysis f o r  Loop-To-Loop Mine Corn., page 3. 
f = frequency, Hz 
N = number o f  t u rns  
A = loop area, m 2  
HS = magnetic i n t e n s i t y  o f  s i gna l ,  amps/m 
HN = magnetic i n t e n s i t y  of noise, amps/m. 
Now for  sys tens analysis, l e t  the external ambient noise contribution 
override thc receiver noise by a factor of r ~ .  In other words, l e t  
11 be the amount that vZAN i s  greater than v&. 
v i N  = nv$f4 
or: 
( ~ T I ~ ~ N A X ~ O ~ I )  = ~ ( f )  ( 4 ~ 7 ~ f R )  ( 3 )  
Also, from page 6 and 8 of R .  P .  Decker's report, the equation for the 
loop wirc loss i s :  
RL = 271NaRw 
where a = radius of loop in nicters 
and $ = 271aN J in ohnis/m 
- -i-- (>-I 
where W = weight in Kgni 
P = wi re densi ty in Kgm/rn 3 
o = wire conductivity mho/m 
Substituting fo r  K, in RL: 
Substituting for  R in equation ( 3 )  and solving for the minirnal acceptable 
antenna radius a: 
S u l ~ ~ . t  i u t i r ~ g  f o r :  
The min ima l  accep tab le  r a d i u s  now becomes : 
The l oop  antenna r a d i u s  i s  now i n  terms o f  t h e  f requency f, t i l e  
ambient no i se  f i e l d  i n t e n s i t y  HN, t h e  n o i s e  f a c t o r  F ,  t h e  bandwidth 
~ f ,  t h e  copper we igh t  W, and t he  f a c t o r  n .  
The f a c t o r  Q w i l l  be r e l a t e d  t o  t he  i n p u t  s i g n a l  and n o i s e  f o r  e a s i e r  
e v a l u a t i o n .  
Assune a wo rs t  case S/N r a t i o  of 6 dB o r  4 f o r  t he  t h r e s h o l d  o f  de tec ta -  
b i l  i ty o f  t h e  r e c e i v e r :  
s u b s t i t u t i n g  f o r  vZRN = -- V ~ U  . 
n 
The f a c t o r  Q can now be c a l c u l a t e d .  
The minimum ambient noise a t  1 kHz f rom Westinghouse F i n a l  Report, 
J u l y  1973, page 16, f o r  w i n t e r  i s :  
Also, the minimum detec tab le  s igna l  l e v e l  i s  s p e c i f i e d  as: 
Hsig = 0.1 pa/m . 
Solv ing  f o r  r l  i n  equat ion (5 ) ;  
Hsig = 2 l+ri)1/2 = 0.10 
H AN r I  m 
The antenna rad ius  can now be ca l cu la ted  us ing  equat ion ( 4 )  : 
where 
n = 0.287 ( f rom (6 )  based on S/N = 6 dB) 
f = 1000 Hz ( lowest  frequency) 
HN = 0.0236 ( f rom Westinghouse ~ e p o r t )  
F = 50 o r  17 dB (measured i n  l a b )  
~f = 15 Hz ( f i l t e r  bandwidth) 
W = 1.73 Kgm o r  3.81 lbs .  (same weight as used i n  Westinghouse u n i t s )  
a = 0.187 m o r  7.37 i n .  
This i s  e s s e n t i a l l y  the  s i z e  loop t h a t  i s  p resen t l y  being used i n  the  
breadboard model. If t h e  no i se  fac to r  can be improved du r ing  the phase 
111 bu i l d ,  then the s i z e  o f  the loop cou ld  be reduced according t o  
equat ion 4. Furthermore, if t h e  weight o f  t he  loop i s  reduced w i t h  a l l  
o ther  parameters remaining the same, then t h e  s i ze  o f  t h e  loop increases. 
For  example: 
L e t  W = 1.0 Kgm 
(Other  parameters unchanged) 
a  = .246 M o r  9.69 inches 
Once the  f i n a l  antenna weight  and rad ius  has been c a l c u l a t e d ,  the  
antenna 's  number o f  t u r n s  and w i r e  s i z e  can be determined by 
where a i s  t he  l oop  rad ius  i n  meters,  W i s  l oop  weight  i n  Kgrn, 
and Ac i s  l oop  w i r e  area i n  c i r c u l a r - m i l s .  
Therefore,  u s i n g  t he  antenna we igh t  o f  1.73 Kgm and antenna r a d i u s  
of 0.187 meters, t h e  f i n a l  number o f  t u r n s  can be c a l c u l a t e d  f rom 
equat ion  7 s e l e c t i n g  number 22 w i r e .  Th is  c a l c u l a t i o n  r e s u l t s  i n  t h e  
f o l  l ow ing  antenna parameters: 
N = 508.7 t u r n s  
Radius = 0.187 meters o r  7.37 inches 
Wire S ize  = Number 22 
Weight = 1.73 Kgm/3.81 l b s .  
3.2.7 S i g n i f i c a n t  Test  Resul ts  
A complete breadboard o f  t h e  r e c e i v e r  was cons t ruc ted  and tes ted .  
The syn thes i ze r  and f r o n t  end stages o f  t h e  r e c e i v e r  were temperature 
t e s t e d  f rom -40°C t o  +50°C w i t h  s a t i s f a c t o r y  r e s u l t s .  Frequency s h i f t  
was t 1 . 6  tlz a t  50°C and -8 Hz a t  -40°C. Numerous b a t t e r y  charqe and 
d ischarge cyc les  were conducted t o  determine t h a t  the  8 hour a l l o t t e d  
charg ing  t ime cou ld  be accommodated by t h e  charger .  
A graph showing the  a t t e n u a t i o n  range of the  volume c o n t r o l  i s  shown 
i n  F igu re  15. 
S+N/N r a t i o  o f  t h e  r e c e i v e r  was measured t o  be 10 dB f o r  an i n p u t  
s i g n a l  of .05 uV w i t h  a  r e s u l t i n g  vo i se  f i g u r e  o f  17 dB. 
A graph showing the  XTAL f i l t e r  c h a r a c t e r i s t i c s  w i t h  temperature v a r i a t i o n s  
i s  shown i n  f i g u r e  16. 


3.3 MECHANICAL DESIGN 
3.3.1 Manpack Receiver  
The manpack r e c e i v e r  c o n s i s t s  o f  a  deep drawn aluminum can w i t h  an 
investment  c a s t  aluminum cover  (see F igu re  17).  The cover  i s  complete 
w i t h  a  recessed groove f o r  a  molded gasket and p r o j e c t i n g  edges t o  p r o t e c t  
t he  f r o n t  panel c o n t r o l s  (see F igu re  18) .  A1 1  swi tches and connectors  
a re  a  sealed v a r i e t y  i n  o r d e r  t o  meet t h e  water  submersion requirements 
o f  t h e  r e c e i v e r .  
The th ree-s ided  i n n e r  chass is  i s  a t tached  t o  the  f r o n t  panel and mounts 
two p r i n t e d  c i r c u i t  boards on t h e  s i des  o f  t h e  chass is  w i t h  a  s p r i n g  
s t e e l  b a t t e r y  h o l d e r  on t h e  bottom. Access t o  t h e  f o u r  C-sized l i t h i u m  
b a t t e r i e s  i s  r e a d i l y  ga ined by removing two screws i n  t h e  f r o n t  panel 
and l i f t i n g  t he  e n t i r e  assembly f rom t h e  case. B a t t e r y  replacement 
exposes no more of t he  r e c e i v e r ' s  c i r c u i t r y  t han  t h e  back s i des  o f  t h e  
two p r i n t e d  c i r c u i t  boards. For  f u r t h e r  maintenance, t h e  removal o f  
the  p r i n t e d  c i r c u i t  boards i s  r equ i red .  
A b e l t  l oop  i s  spotwelded t o  t h e  case, enab l i ng  t h e  r e c e i v e r  t o  be worn 
on e i t h e r  a  m i n e r ' s  o r  a  conven t iona l  be1 t. Human F a c o t r s '  recomnenda- 
t i o n s  were i nco rpo ra ted  i n  t h e  panel l a y o u t ,  r e s u l t i n g  i n  a  package which 
can conven ien t l y  be operated when worn on e i t h e r  s i d e  o f  cen te r  by  b o t h  
l e f t  and r i g h t  handed opera to rs ,  w i t h o u t  i n t e r f e r e n c e  f rom the  handheld 




Antenna, Man-Carri ed 
The hand-held antenna c o n s i s t s  o f  f i v e  hundred t u r n s  o f  nunber twenty- two 
magnet w i re ,  wound on a  f i f t e e n  i n c h  d iameter  form. Fo l l ow ing  w ind ing ,  
aluminum f o i l  used as a  faraday s h i e l d  i s  s p i r a l l y  wrapped around t h e  c o i l  
o f  w i r e  f o r  e l e c t r o s t a t i c  s h i e l d i n g .  The f o i l  i s  grounded t o  t he  cen te r  
b r a i d  o f  t h e  antenna coax. Th is  assembly i s  then comple te ly  po t t ed  w i t h  
a  tough, r e s i  1  i e n t  urethane f o r  p r o t e c t i o n .  
H e l i c o p t e r  Receiver 
The h e l i c o p t e r  r e c e i v e r ,  because o f  a  low a n t i c i p a t e d  b u i l d  q u a n t i t y ,  w i l l  
u t i l i z e  a  spot-welded aluminum chass is .  Too l i ng  cos t s  w i l l  be kep t  t o  a  
minimum s ince  a l l  chass is  p a r t s  can be punched i n  t h e  f l a t  on n u m e r i c a l l y  
c o n t r o l l e d  machines p r i o r  t o  fo rming  and weld ing.  The s i d e  panels,  symet- 
r i c a l l y  designed t o  be used f o r  bo th  l e f t  and r i g h t ,  extend t o  t he  r e a r  t o  
serve as l egs  as w e l l  as t o  p r o t e c t  t h e  AC power cord  which i s  s t o red  on 
t he  r e a r  panel.  
The f r o n t  panel i s  removeable t o  p rov ide  access t o  t he  r a d i o .  Handles a r e  
mounted on t h e  f r o n t  panel f o r  c a r r y i n g ,  f o r  easy removal o f  t he  r e c e i v e r  
from t h e  wraparound, and f o r  p r o t e c t i o n  o f  t he  knobs, swi tches,  and 
connectors .  These c o n t r o l s ,  under t h e  advisement o f  Human Fac to rs  Engineer ing,  
have been s y s t e m a t i c a l l y  arranged accord ing  t o  f u n c t i o n a l  importance and 
subdiv ided i n t o  t he  s i x  i n d i v i d u a l  r e c e i v e r s .  Connectors have been p o s i t i o n e d  
i n  such a  way as t o  l e a s t  obscure o r  hamper t h e  ope ra to r  w i t h  t he  connect ing 
cab1 es. 
The i n n e r  chass is  w i t h  card  cage i s  a t t ached  t o  and removed w i t h  the  f r o n t  
panel (see F igu re  19) .  S i x  i d e n t i c a l  p r i n t e d  c i r c u i t  boards, each c o n t a i n i n g  
a  complete r e c e i  ve r  and frequency syn thes izer ,  i n s e r t  
i n  ca rd  gu ides and engage edge-on connectors  i n  the  bottom o f  t he  
card cage. Th is  f a c i  1  i t a t e s  t r o u b l  e  shoo t ing  and r e c e i v e r  maintenance. 
The b a t t e r y  pack and t h e  power s u p p l y l b a t t e r y  charger  a r e  mounted i n  t h e  
wraparound due t o  we igh t  and hea t s i  nk i ng  cons idera t ions .  
3.4.1 Antenna, He1 i c o p t e r  
The antenna f o r  t he  h e l i c o p t e r  r e c e i v e r  w i l l  use t h e  same w ind ing  and 
fa raday  s h i e l d  as t h e  hand-held antenna f o r  t he  manpack r e c e i v e r .  However, 
t h i s  antenna w i l l  be mounted on an aluminum p l a t e  c o n t a i n i n g  eye b o l t s  
so t h a t  t h e  antenna may be lowered f rom the  h e l i c o p t e r  on a  t e t h e r i n g  cab le .  
A1 so, t h e  p l a t e  p rov ides  room f o r  mount ing t h e  preamp1 i f i e r  and antenna 
f i l t e r .  
4.0 PHASE I11 CONSTRUCT WORKING MODEL 
Dur ing  t h i s  phase one mancarr ied r e c e i v e r  and h e l i c o p t e r  r e c e i v e r  i n d l u d i n q  
antennas and headsets were cons t ruc ted .  There u n i t s  were cons t ruc ted  as 
planned d u r i n g  phase I 1  w i t h  s l i g h t  chanqes. Dur inq  t h i s  p e r i o d  BNC connectors 
were dropped f rom t h e  h e l i c o p t e r  r e c e i v e r s  because of panel space. 
The separate i n p u t  bandpass f i l t e r  was a l s o  dropped because i t  was n o t  making 
any apparement improvement. The connector  f o r  t he  antenna and headset was 
changed because of  an i n t e r m i t t e n t  r e1  i a b i  1  i ty problem n o t i c e d  p a r t i c u l a r l y  
on t he  h e l i c o p t e r  antenna d u r i n g  bureau t e s t s .  The h e l i c o p t e r  r e c e i v e r  was 
mod i f ied  t o  have two ope ra to r  p o s i t i o n s  because bureau t e s t s  i n d i c a t e d  one 
ope ra to r  m o n i t o r i n g  s i x  channels proved t o  be a  d i f f i c u l t  task .  
Dur ing  t h i s  phase a  c a l i b r a t e d  l oop  genera t ing  a  .I UA f i e l d  was s e t  up t o  
check o u t  t he  t o t a l  system. The 90 f o o t  p o r t a b l e  l oop  was d r i v e n  by a ULF 
t r a n s m i t t e r  w i t h  a  3.9 meg ohm r e s i s t o r  i n s e r t e d  i n  s e r i e s .  The power 
stages o f  t h e  t r a n s m i t t e r  had t o  be removed f o r  t h i s  t e s t  and d i r e c t  connect ions 
t o  the  MOS c i r c u i t r y  were made because t he  r e c e i v e r  p i c k s  up t he  ULF t r a n s m i t t e r  
ope ra t i ng  w i t h o u t  an antenna a t  d is tances  o f  15 f e e t .  Wi th  the  no i se  l e v e l s  
expected near an i n d u s t r i a l  complex t h e  f i e l d  had t o  be increased t o  - 3 7  UA/ 
meter before the  r e c e i v e r  cou ld  d e t e c t  t he  s i g n a l  above t h e  no i se  l e v e l .  
Minor  problems encounter ing d u r i n g  t h e  b u i l d  o f  t he  f i r s t  u n i t s ,  r e q u i r e d  
a d d i t i o n a l  decoupl ing from t h e  l i t h i u m  b a t t e r i e s  t h a t  have a  h i ghe r  i n t e r n a l  
r e s i s t a n c e  t o  make them i n t r i n s i c a l y  safe.  A c a p a c i t o r  used i n  t h e  syn thes i ze r  
phase locked loop  w i l l  have t o  be se lec ted  f o r  some u n i t s .  Some C-MOS 
f a i l u r e s  due t o  s t a t i c  charges were observed d u r i n g  t he  b u i l d i n g  o f  t h e  
work ing model r ece i ve rs .  Other than these p a r t s  and minor  mechanical problems 
the  des ign i s  reproduc ib le .  
During th i s  phase printed c i r c u i t  board layouts of both receivers were made, 
mechanical parts were fabricated and the two receivers were assembled, tested 
and del ivered to  the Bureau for  evaluation. 
During the Bureau f i e ld  evaluation i t  was determined that  the use of a XTAL 
head s e t  gave a bet ter  null than the inductive type headset. A1 1 headsets 
are  now of the XTAL type to  provide a bet ter  null and to t a l l y  eliminate 
inductive feedback from the headset to  the antenna. 
An interaction problem between channels on the helicopter was observed in the 
f i e ld .  This problem was eliminated by running separate grounds and adding 
additional f i l t e r i n g  in the preamplifier a n d  other qain stages.  Also i t  
was determined during f i e ld  use tha t  a sound isolat inq ear  muff would be 
beneficial for  use with the helicopter receiver. To provide th i s  isolation the 
XTAL headset for  the he1 icopter receivers are now inserted into an MSA. 
MARK I1  sound barr ier  ear  protector.  This provides the isolat ian required 
for  the noisy helicopter environment. 
5.0 PHASE IV BUILD PRODUCTION UNITS 
Dur in~  th i s  phase a l l  drawings and documentation were updated to  r e f l ec t  a l l  
changes as a resu l t  of the phase IV construction and evaluation. Fifteen 
mancarried a n d  5 helicopter receivers were assembled, tested and delivered 
to the Bureau. These units were assembled and tested with a minimum amount 
of d i f f icu l ty .  Again selection of the capacitor for  the SMO was required on 
some units and some MOS fa i lu res  occurred due  to s t a t i c  charges. Additionally 
some MOS devices fa i led a f t e r  delivery to  the Bureau. The only other qua1 i t y  
problems during the build of these units was one fractured headset and a 
loose piece of p las t ic  f n  one o f  the-panel meters. These parts were returned 
by the Bureau for  replacement. 
INTRINSIC SAFETY 
The 515H-1 mancar r ied  r e c e i v e r  i s  des igned t o  be i n t r i n s i c a l l y  s a f e .  I t  
was approved by MESA p e r m i t  331, October 9, 1975. 
The 515H-2 h e l i c o p t e r  r e c e i v e r  i s  n o t  i n t e n d e d  f o r  underground use and 
i s  n o t  i n t r i n s i c a l l y  sa fe .  The b a t t e r y  charger  t r a n s f o r m e r ,  l a r g e  
f i  1  t e r  c a p a c i t o r ,  and b a t t e r y  p r e v e n t  t h e  he1 i c o p t e r  r e c e i v e r  f rom b e i n q  
i n t r i n s i c a l l y  sa fe .  
CONCLUSIONS AND RECOMMENDATIONS 
T h i s  f i v e  phase program has r e s u l t e d  i n  t h e  development and documentat ion 
o f  a  mancar r ied  and h e l i c o p t e r  r e c e i v e r  t h a t  i s  now ready  f o r  p r o d u c t i o n  
i n  q u a n t i t y ,  a f t e r  t h e  c o m p l e t i o n  o f  some a d d i t i o n a l  f i e l d  t e s t i n g  by  
t h e  Bureau. 
Because o f  t h e  s i g n i f i c a n t  number o f  MOS f a i l u r e s  due t o  s t a t i c ,  i t  i s  
recomnended t h a t  f u t u r e  u n i t s  be c o n s t r u c t e d  u s i n g  h i g h  r e l i a b i l i t y  
ceramic  MOS dev ices ,  and comple te  s t a t i c  d i s c h a r g e  p r o t e c t i o n  be e x e r c i s e d  
th roughou t  t h e  assembly and t e s t  phases o f  p r o d u c t i o n .  
